The movement of the anterior leaflet of the mitral valve has been recorded with an ultrasound echo technique. The al., I96I). This paper reports some of the results obtained by applying this technique to a group of patients. These patients were also studied by other means and the ultrasound cardiograph has been correlated with these other observations.
The movement of the anterior leaflet of the mitral valve has been recorded with an ultrasound echo technique. The intrinsic mobility of the valve cusps and the rate of ventricular filling are thought to influence the closure of the valve during diastole. Atrial contraction occurs at the end of ventricular diastole and reopens the valve before the mitral valve returns to the closed position before the onset of ventricular systole.
The relation of the opening snap and third heart sound to the movement of the cusp is shown.
In mitral stenosis ventricular systole occurs when the mitral valve is still far away from the closed position and the rapid movement of the cusp to the closed position may be the cause of the high intensity vibrations of the first heart sound. The EF slope (representing the rate of the closing movement of the cusp in end diastole) is decreased and a good correlation has been found with the degree of stenosis. After mitral valvotomy the EF slope increases significantly.
The validity of these methods in assessing mitral incompetence or relative predominance of stenosis or incompetence in mixed mitral lesions is discussed.
The Gustafson, I966; Yoshida et al., I96I) . This paper reports some of the results obtained by applying this technique to a group of patients. These patients were also studied by other means and the ultrasound cardiograph has been correlated with these other observations.
Subjects and methods
The movement of the mitral valve was recorded by ultrasound technique in 145 patients with heart disease and 12 normal subjects.
Haemodynamic data were obtained by routine right and left heart catheterization; mitral incompetence was estimated by left ventricular angiography. When the patients underwent mitral valve operation the valve area was estimated, and the degree of incompetence and calcification were assessed by the surgeon using previously defined criteria.
The ultrasound records were obtained using an Fig. 2 shows the effect of the varying relation between atrial contraction and ventricular systole, on closure of the cusp. Some of the complexes from a continuous mingograph recording have been selected and show the EF slope and a less distinct upward wave, the A wave, the latter bearing a constant relation to the P wave of the electrocardiogram.
When the A wave occurs in late diastole, just before the succeeding systole, it fits into the record in a normal fashion. When the PR interval becomes longer than 0o32 sec. the A wave becomes incorporated into the EF segment and the initial slope of this segment increases from 70 to 124 mm. per second; the mitral valve reaches the closed position before the onset of ventricular systole. If the PR interval is longer than o 5o sec., atrial contraction occurs during ventricular systole and has no effect on the valve closure movement recorded on the ultrasound cardiogram.
Simultaneous phonocardiograms and ultrasound cardiograms from patients with mitral valve disease (Fig. 3) show that the opening snap occurs at the end of the rapid opening movement, beginning o0o3 sec. before the E point. In mitral stenosis it is seen that the onset of ventricular systole occurs before the mitral valve has reached the fully closed (most downward) point and the cusp is still in a relatively open position.
The third heart sound ( Fig. 4) (Fig. 6 ). This correlation is maintained though the dispersion is greater (Fig. 7) In 21 patients with mixed mitral stenosis and incompetence, a fairly characteristic pattern was observed (Fig. 3) . The EF segment starts with a rapid deflexion followed by a plateau (Segal, Likoff, and Kingsley, i967b) . The slope of the first segment has been of value in predicting the dominant component of the mixed lesion; when it was less than 45 mm./sec., stenosis was dominant. The method has proved helpful in determining the significance of the systolic murmur in the presence of mitral stenosis (Wharton, I968, I969).
In all IO patients who underwent effective mitral valvotomy, the EF slope increased by IO tO 42 mm./sec. after operation (Fig. 5) (Effert, I967).
Discussion
The normal mitral valve has a characteristic pattern of movement during diastole. After a rapid opening deflexion, there is a slower backward movement interrupted by the atrial contraction, after which the closing movement is quicker, bringing the valve to a closed or near closed position before ventricular systole occurs, provided atrial contraction occurs during diastole with a PR interval longer than O-OI sec.
The EF slope represents the speed at group.bmj.com on January 6, 2018 -Published by http://heart.bmj.com/ Downloaded from PeG , _ . . Simultaneous phonocardiograms and ultrasound cardiograms in patients with mitral stenosis suggest that the opening snap is related to the end of the rapid opening movement of the valve (Edler, I966; Kingsley et al., I967). The third heart sound did not seem to be associated with any rapid deflexion in the mitral valve tracing and occurred after the valve had reached its maximal open position, presumably during the rapid filling phase of the ventricles. The diastolic murmur recorded immediately after the third heart sound occurs while the mitral valve is in a more closed position and the speed of valve closure after the third heart sound decreases significantly.
The clinical value of the ultrasound cardiogram in the pre-and post-operative assessment of patients with mitral stenosis has already been reported by one of us (Wharton, I968 I969), and our results tend to agree 
